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TE!REESPANS AND THREE TRAILING-EDGE

ANGGES ON A SEMISPAN WING MODEL

By ljes~e E. Schneiter and Rodger L. Naeseth

A wind-tunnel investigation has been made of the low-sybed lateral.
ccmtrol characteristics of a tapered, low-hag, sasx * model e@P-
ped with 20-percent-chord sealed ailerons having spans of 0.$54,
0.583, anti 0.294 percent of a full-span ailercm, each with &ailing-edge
angles of 6°, 14°, and 25°. Th9 investigation also included tests with
the ailerons unsealed, simulating symmetrical lift-flap configurations
having spans of 0.954 and 0.660 percent of a full-span flap. The aileron
hinge-moments and pressures over the aileron seal were determined for
each of the nine aileron configuratims h adtition to’ the USual lfit
and lateral-control coefficients.

The results of this investigation, h general.,indicated that the
existing theoretical method for predicting the slope of the curve of
rolhg-mment coefficient tith aileron deflection c2~a for various

spans of aileron gave satisfactory agreement with the expertiental results
for ailerms having trafiing-edge angles of 6° and I-4°. me agreement
letween the eqerimental” and Weoretical values of C2

Ea
was poor,

however, for the ailerons with a tiailing-edge angle of 25°.

The existing empirical relationships for predicting the ~cr-n~
change in the slope of the curves of aileron hinge-moment coefficient .
with both aileron deflection’ C

%a
and W@ angle of attack Cha resulti-

ng from an incremental change in the ailerm trailing-edge angle may be
used satisfactorily to estimate the effects of variation of the control-
surface trailtog-edge angle regardless of th9 span of the control surfa~ . -
For a constant aileron trailing-ewe =@e, tha v=iation tith ficreas%
aileron span of the hinge-moment parameters was small hut the parameters
tended to become more positive (or less negative) with decrease in
aileron spdn.
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INTRODUCTION

NACA TN NO. 1738 ,

●

The National Adviso~ Committee for Aeronautics has been inve&tl-
gating the effects of sweepback on the rolldng and lift effectiveness
of various control surfaces and flaps on sweptback wings. As a basis
upon which to compare the results of tests of various swept-dng models,
a systematic investigation was made in the Langley 300 MPH 7- by 10-foot
t~l to determine the effects of variation of aileron span and tiailing-
edge angle m the effectiveness and Mmge-moment characteristics of
20-percent-chord sealed ailerons on an essentially unswept wing (wing
leading edge sweptback 6.30). In addition, the data were used to check
the validity of various theoretical and empirical methods of calculating
control-surface effectiveness and hinge-moment characteristics.

The data prqsented and discussed are the results of low-speed lateral-
contiol tests of tie differeht 20-percent-chord sealed aileron configu-
rations (three spans each with three trailing-edge angles) on a tapered,
low-drag, semispanwingmqdel. The rolliqg-mambnt and yawing-mcment
.characteristice5as well as the h~e-mment and seal-pressure character-
istics,of each of the aileron configurations, are presented for a range
of angle of attack and aileron deflection. The characteristics of the
*g in pitch, with two different spanE of aileron to simulate symmetrical
lift-flap c-onfigurations,were also detemnined and the results are pre-”
sented.

coEFFIc12mTs AND sl!M130B

The forces and m&ents measured on the wing are presqnted about the
wtid axes which, for the conditions of these tests (zero yaw), correspond
to the s~bili~ axes.. The X-axis is in the plane of symmetry of the
model and is pa5allel to the tunnel free-streem air flow. The Z-axis is
in the plane of symme~ of the model and is perpendicular to the X-axis.
The Y-axis is mutually perpendicular to the X- and Z-axes. All three
axes Intersect on the chord plane at the model plane of symmdq and at
the 28.2-percent-chord station at the root.of the model. (See fig. 1).

Rolling-moment and yaw@ymmnent coefficients presented represent
the aerodynamic moments on a complete wing produced by the deflection of
the aileron on only the left semispan of the wing. The lift, drag, and
pitching-moment coefficients represent the aerodynamic forces resulting
from the
spellsof

deflection in the same direction of the ailerons on both semi-
the complete *.

..—. ___ —.—. ._ .,. .—— ———
,.:,.



NACA TN No. 1738 3

( )Twice lift of semispan model
CL

lift coefficient
qs

AC
L

increment of lift coefficient

CD drag coefficient (D/qS)

Cm pitchimg-mbmsnt coefficient

(
Twice pitch

)
@ moment of semispen model

qs5

D

L

N

Ha

9

s

II

A

rolling—moment coefficient (L/qSb)

yawi5g-momeut coefficient (Ii/qsb) ‘

ailercm hinge-moment coefficient (Ha/2qM).

seal-pressure coefficient, ratio of difference %etween
pressures below and above seal,divided by free-stiesm
-c pressure; sfiscripts 1, 2, 3, ● “o “ ~~cate
stations at which pressure measurements are made (fig. 2)

twice drag of semispanmodel ●

rollhg moment due to aileron deflection shout
x-axis, foot-jounas

yawing moment due to aileron deflection about
Z-tis, foot-poundB

aileron h5nge mcment, foot-pounds

free-stresm dynemic pressure, pounds per square foot

twice mea of semispan wing model, 17.54 square feet

twice span of semispan model, 10.~ feet

aspect ratio of wing, 6.23
(’)

b2
5

wfng mean aerodynamic chord, 1.745 feet
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2

ba

I)at

Y

x

v

P

a

i5a

$

Czpu

%

local wing chord, feet

5area moment o aileron behind and about the hinge .
axis, feet

distance along X-axis from leading edge of root chord
to leading edge of mean aerodynamic chord, 0.254 foot

@:’2c=) ~

span of aileron or flap, measured prallel to Y-axis, feet

span of full-span aileron or flap, measured parallel
to Y-axis, feet

w

lateral distance fran @ane of symnetry, measured parallel
to Y-axLa, feet

longitudinal distance from leading edge of wing-root chord .
to wbg leading edge, meas~ed psrallel to X-axis, feet

free-stream veloci@, feet per second

mass densi~ of air, slugs per cubic foot
.

angle of attack of wing with respect to chord
ylane at root of model, degrees

aileron-cleflection angle relative to chord plane of

-, meas~d fi a P~F perp~~c* to aileron-,
hinge tis and yositive when trailhg edge is down,
degrees

aileron trailing-edge angle, measured In a plane
perpendicular to aileron hinge axis, de~ees

rolling-moment coefficient produced by 1° difference
h engle of attack of various right and left prts
of a camplete wing (reference 1)

effective change h angle of attack over flapped
part of a wing produced by a unit change in flap ,
deflection

,- ----- ,. ,.. ———————--”T—————— —“——
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c)as
Chb = ~

e. a

()

acL
cLa = %- ~a

()ac
c~8 = &

a a
a

The subscripts ba and a outside the parenthesis indicate the factor

held constant. KU. slopbs were measured in the vicinity of 0° angle of
attack and 0° aileron deflection.

CORRECTIONS

The Values of CD> cl) cnY and ‘u p?%sented have been corrected

for jet-boundary and reflection-plane effects. Blockage correctims to
account for the constriction effects of the wing model and wing wake have
been applied +50the data.

No corrections have been appUed to the data.to account for the small
emount of wing twist produced by aileron deflection or for the tare”effects
of the root fairing.

AITARATUS AND MODEL
.

The semispan model was mounted verticaUy in the Lengley 300 MPH
7- by 10-foot *1, as shown h figure 3. L(!heroot chord of the model
was adjacent to the ceiling of the tunnel, the ceiling of ‘thetunnel
thereby serving as a reflection plane. The model was mounted on the
six-componentbalance system in such a manner that all forces and moments
act@ on the model could be measured. A small clear~ce was maintained
between the model and the tunnel ceiling so that no part of the model
came h contact with the tunnel wall. A root faire, consisting of a
body of revolution, was attached to the root of the model in order to
deflect the spanwise flow of air (through the cleerence hole between
the model and the tunnel ceiling) inio the tunnel test,section and to
minimize the effects of my such inflow on the flow over -thewing model.

. . . _._ —.._— -. —... —.— _.——..—.



6 NACA w NO. ~738 .

The huxielwas constructed of laminated mahogany over a welded-
steel framework to the plan-fore dimensions shown in figure 1. The ~
model had W@ Qections of NACA 651-oU profile perpendicular to the

50-percent-chordline with neither twist nor dihedral, an aspect ~tio
“of 6.23, and a taper ratio of 0.49.

Transition was fixed at the leading edge of the wing for all tests.
The transition strip, consist= of No. 60 Carborundum grains, extended
over the forward 5 pertent of the wing chord on both the upper and lower
surface along the entire span of the wing model. The Carborundum grains
were sparsely spread to cover from 5 to 10 ~ercent of this area.

The semispan ~ model was eqtiyped with 20-percent-chord ailerms
normal to the ~ ~-yercent- chord line. The three aileron profiles
shown in figure 4 were used to obtain trailin edge angles of 60 (true-

F 140 (flat-sidedfromcontour trafiing edge of NACA 651-oU airfofl ,

aileron hbge lbe to trailing edge of wing), and 25° (beveled trailing
ed&e). Each aileron had a steel spar and was constructed with joints at
two spanwise stations so that aileron spans of O.2g4ba1, 0.~3ba ‘,

and O .g~ba * could be tested (fig. 1). TWO afleron confi~tiom

(ba =
—

O .660ba1 and O.$l~ba1) were deflected to simulate symmetrical

lift flaps. The area moments of the various spans of aileron and
lift fl-apare given h the follow-logtable:

0.954 0.2770

“593 .1238
.294 .0472
.660 .2300

During ‘tests with the partial-span ailerons, the unreflected part of the
wing trailing edge was equipped with the true-contour-aileronprofile
(~ = 60). For dl of the tests except lift-flap tests, the aileron was
sealed with a plastic hpregnated cloth seal across the gap ahead of the
aileron nose, except at the point of attachment of the aileron actuating
mechanism and at the aileron support bearings. The seal extended end
was attached to the bearing housings at the end of each aileron-seal
chamber, and it is believed that the seal in each ch=iber was fairly com-
plete. Pressure orifices were located above and below the seal.in the
wing block ahead of the ailercm at the spanwise stations shown b figure 2.
Two pqirs of pressure orifices were located in each of the aileron sections.

.

A remotely controlled, motor-driven, aileron-actuatingmechanism
was used
gation.

to ob-&in the various aileron ~flections employed in the tivestl-
The aileron angles were constantly igdicated on a meter by the

.—— .—. ._
.,.
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use of a -calibratedpotentiometer which was
axis near the outboard end”of the aileron.
resistance-type strain gage was employed to
moments.

mounted on the aileron-hinge
A calibrated electiical-
measure the aileron-hinge

TESTS

All the tests were perfomed at an average dynamic pressure of
approximately 20.5 pounds ~er square foot, which corresponds to a Mach
numler of 0.12 and a Reynolds nuuiberof 1,500,000 based on a mean aero-
dynamic chord of 1.75 feet.

Lift-flap tests’with the maximum span aileron, unsealed,
(ba = O.g>bal, @.= 14°) ad ~~ we ho fiboard ailer~ sections, a~o

unsealed, (ba = 0.6@ba’, @ = 14°) at deflections of 0°, 10°, 20°, 30°,
40°, 50°, and 60° were performed through an angle-of-attack range from-6°
to the wing stall.

Lateral-control tests with the *8 different corfibtiationsof
aileron span end trailing-edge angle, were perfomned through
deflect~on range from -30° to 30° with the constant angle of
from -4 to 12 in increments of 4°0 The aileron W= sealed
the laterel-contiol tests.

RISULTS AND DISCUSSION

Presentation of lhta

tie results of the lift-flap tests of the wing with the

em :‘eron-
attack varied
for all of

unsealed
aileron at deflections frwn 0° ~ 60° are presente~ in figure 5 for
the ba = O.@ba’ flap and in figure 6 for ths ba =0.660ba1 inboard

flap. The lift-coefficient increments produced by both flaps at various
deflections are shown in figure 7. The variation of the aileron latereJ_
control characteristics (rolllng-moment,yawing-moment, hinge-mcanent,and “
seal-pressure coefficients) with aileron deflection at various angles of
attack for each of the ccmibinationsof aileron spen and.trailing-edge angle
qre shown in figures S to 16. The lateral-control parameters Cz

&a’ %a}
and c~ as determined from these tests, are shown plotted against

relative ~sition of the inboard end of the aileron in figure 17 and
against aileron trailing-edge angle in figure 18. The experimental values

of m~a ad @a (the i.ncrementiof C~a or (_& rea~t~ ~man

incremental change in trailing-edge angle) are compared in figure 19 witi
the empirical. relations given in reference 2. Values of the total roll@-
moment coefficient produced by +30° ailerbn deflection, and values of tk
seal-pressure-coefficientparameter ma at each of the spanwise stations,

.-. —.- -—- .. —...— ——— -— —. ..— — _——
,,
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along with the aforementioned
in table I. .

.

lateral-control

NACA

parameters are

m No. ~738

presented

Discussion

Lift-flap tests.- For both flap configurations, the wing had a
stable vsriation of pitching-mment coefficient with lift up to and .
through the stalJ- d the whg longitudinal stabili~ incre-aed with
flay deflection in the low-lift range. The wing, however, becsme
approximately neutially stable in the high-llft range at high flap
deflections. Each additional increment of flap deflection produced a
proportionally smeller increment of both lift and negative pitching-
moment coefficient. (See figs. 5 to 7.) The ty~e of variation of lift-
coefficient ticrement with flap deflection shown h figure 7 is typical
for most ~es of lift flap. The ?mxdmum values of ACL produced by
both spsns of flaps were In excellent agreement with the data shown in
reference 3 for plain flaps on an untapered @ng.

Roll.m-moment characteristic s.-In general, the total rolling-
moment coefficient for ba . ~300, of au of we ailero~ was relatively

unaffected by angle of attack up to appro=tely a = 8.5°. Increas*
the angle of attack to approximately 12.70, however, resulted in a large drop
(appro*tely 30 percent) in the total rolling-mment coefficient.
(See figs. 8 to 16 snd table I.)

The slope of the curve of rolling-moment coefficient against aileron
deflection was fairly .Iinearthrough a range of aileron deflection
from -15° to 15° and was negligibly affected by wing angle of attack
within a,range from -4.3° to 8.5°.

The variation of Cz
Ga

with aileron span as determined by the

method of refer@e 1 is compared with the experimentally determined
values of Czba in figure 17. The values of CZ/Aa used in the

. determination of the theoretical curve were taken from reference 1 and
the value of w (O.~for a0.20-chord flap) wastaken frmreference2.
The agreement is very good for the flaps with trailing-edge angles of 6°
and 14°, but is poor for the flaps with tie 25° trailhg-edge angle.

Yam -moment characteristics.- The total yawing-moment coefficient
resulting from egual up and down deflection of the ailero~ was approxi-
mate~ zero at small angles of attack (f4°),but became adverse (sign of
yawing moment opposite to sign oforol.linn-mment)at the higher angles &
attack (8° to E?”) for all combinations of aileron span and tiailing-ed.ge
angle. (See figs. 8 to 16.)

Aileron hl~e-moment characteristics.- H
9

e-nmnent+oefficient *b
obtained for the various ailerons (figs. 8 to 1 ) indicated, in general,
a lfie~ ~iation of Ch with aileron deflection for the three aileron

. — .— .- ._. —---—-. .. . ..“’— ,—— — .. , ,.”...
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spare tested with both the 6° and 14° trailing-edge angles throughout
the angle-of -attack range. The variation of Ch with both aileron

deflection and wing angle of attack was decidedly nonlinear for all three
aileron spans with the 25° trailing-e&ge angle. For’a constant aileron
trailhg-edge angle, the value of total.hinge-mament coefficient resulti-
ng frcm t30° deflection of the aileron was’approxhately constant for

the three ailerm spans at comparable angles of attack. For a given
span of ailercm, the total hinge-?nt coefficient resulting from
*300 deflection of the ~leron decre~ed as ~~ ~leron &aiQ-e@e
angle increased.

The values of the aileron htage-moment-coeff icient paremeter lb
a

for a constant aileron bailing-edge angle ezddbited a slight shift to
less negative values, ~a C& for constant traillng-edge angle etibited

a negligible change as the aileron span decreased. (See figs. 17 and 18.)
For a constsnt aileron span, %oth hinge-mmnent parameters eihibited a
lerge change toward less negative (or more positive) values as the aileron
trailing-edge sngle was increased from 6° to 250.

The experim9ntalQ determined ticremmti of c% and cha are
a

tampered ti figure 19 with the empirically determined curves of refer-
ence 2. The comparison indicates that the empirical relations of refer-
ence 2 predict satisfactorily the effects on the hinge-nnment parameters
of an incremental change in control-surface trailin~ edge angle since the
deviation of the experimental data f= the empirical curve is of about
the same order of magnitude as the deviation of the expertiental data
used to detemnine the empiricel curve. W addition, tie experimental
@.atatidicate that the incremental effects on the hhge-mcment pammeters
of en incremental change in the control-surface trail~-edge angle are
kdependent of the span of the control surface and that the empirical.
relationships of reference 2 may thus be used to estimate the effects
of variation of the trailing-edge angle regardless of the span of the
contiol surface.

Seal-pressure characteristics.- b general, the vsriation of seal.-
pressure coefficient wi&h aileron deflection was qtite linear for a
deflection range of f15 . (See figs. 8 to 16.) At deflections greater
thsn t15°, however, the slope of the curves of P with ba decreased,

in some instances r&ersing, particularly, at -4.3° angle of attack.
As the angle of attack increased, the slope of P against ba at deflec-

tions greater than *15° approached the value obttied for the lower
deflections. Increasing the wing angle of attack had little or no
effect upon the slope of P with ba at low deflections hut resultid

in a slight shift of the curves toward more positive values of P.

Decreasing the aileron span, or increasing the aileron trailin~ edge
angle had a tendency to reduce the slope of P agatist ba Pba in

)

(
table I obtatied at any given pressure-orifice location.

—. —. —.. .—— —- ..-— . . ..— —_ _____ .._.
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,
The. tiends of I?ba with decreasing aileron span or increasing

aileron trailhg-edge angle were s~ar to the,trends of the hinge- ,
moment pereme&rs with variation of these same gecmmtric characteristics.

CONCLUSIONS

The follmnlng conclusions are tidicated fran the results of a wind-
tunnel investigation at low speds of the lateral ccmtrol characteristics
of nide different 20-pement- chord sealed plain aileron configurations
(three aileron spans each with three trailing-edge angles) and the charac-
teristics of ailerons of two spans deflected to simulate symmetrical
lift-flap configurations on a tapered, 10W-drag, semispan wing having a
leading-edge-sweepbackangle of 6.3°:

1. For the simulated lift-flap configurations, ailerons of both 0.660
and O .954 span yere effective in producing lift up to the maximum deflec-
tion tested (@”). Each successive increment
produced a progressively smaller ~crsment of

#

2. The agreement between the theoretical
of the aileron effectiveness parameter” C2

Ga

for the ailerons with trailing-edge angles of
for the ailerons with the trailing-edge angle
effectiveness parameter cZ8a .increased with

of flap deflection, however,
lift coefficient.

and expertiental variation
with aileron span was good

6° and 14° but was poor
Of 25°. The aileron
increasing aileron span

and with decreasing aileron trailing-edge angle.

3,.& general, for the 6° and 14° trai~-edge angles, a’linear
variation of aileron hinge-moment coefficient with aileron deflection
was obtained for ailerons of any of the three aileron spans tested. $or
the 250 trailing%lge angle, the variation of aileron hinge-mommt
coefficient with both angle of attack and aileron deflection was decidedly
nonlinear.

4. The existing empirical relationships for predicting the
incremental change in the slope of the curves of aileron hinge-moment
coefficient with both aileron deflection C%a

and wing angle of

attack Ch resulting from an ticremental change in the aileron tralling-
a

edge angle may be used satisfactorily to estimate the effects of variation
of.the control-surface bailing-edge angle regardless of the span of the
control surface.

5. For a constant aflercm trailing-edge angle, the variation with
increasing aileron span of the hinge-moment ~arameters was smaU. but the
parameters tended to become more positive (or less negative) with decrease
h aileron span.

— —,-——-..-”,—.,.. -..
,--- ,- ,,
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6. b gene=, for ti afieron spans and trti~-edge ~es,
the variation of the internal-seal-pressurecoefficients with aileron
deflection was linear for a deflection range of t15°. Decreasing the
aileron span or ticreasing the aileron trailing-edge angle had a
tendency to reduce the slope of ths curve of seal-pressure coefficient
against ailerm deflectlon %a for any given seal-pressure Qrifice.

Langley Aeronautical Laboratory
National Advisog Committee for Aeronautics

Langley Field, ‘?a.August 18, 1948

t
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F@ure L- Sketchofsemispan wing model. S = 17.54squarefeet;
A = 6.23;taperratio= 0.49. (Alldimensionsare inftexcept
as noted.)
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t

Figure 2.- Locationofpressureo@ficeson semispan W@ rnodeL
(Alldimensionsare inft.)
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Figure 3.- Semispan wing model mounkd in Lfu@ey WI MPH ~- by 10-foothmnel.



.

.

.

-, .-T .-, .—. .- —,--- - -———

,.. - .’,, “. -.
‘.. . .. . . . . .,



NACA TN No. 1738

I

17

,

~Pue- contour ajleron (N AC A
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Figure 4.- Sketchofaileroncontourstestedon semispan wing model.
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-—,—--.—..—.—-. —— —.——— ——- — ~- .—y —.= . ...— .......— —. ...- . . .. .—.—.-



18 NACA TN No. 1738

-4

76 # :2 0 .2 .4 .6 A I.o /.2 L4
Lif+ co dficienf, CL

Figure 5.- WU aerodynamic characteristicsinpitchforvariousflap
deflections.Aileronunsealed;ba = 0.95ba’;@ = 140. .
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Figure 6.- Wing aerodynamic characteristicsinpitchforvariousflap
deflections.Aileronunsealed;ba = 0.66~’; @ = 140.
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Figure 7.- Increments of WI coefficient produced by deflection d unsealed
20-percent-chord plain flaps.
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Figure 8.- Variationoflateralcontrolcharacteristicswi~ ailerondeflection.
Aileronsealed;ba = 0.95ba’;@ = 6°.

____._._— .—..——. —.— — --— —— — ——



.

24 NACA TN No. 1738 .

,

A

.

2.

1.

0 ‘

-1

,-2

-3 ‘.

-?4

30 -20 -10 0 10 20 30

Aileron defkcfiw, &j deg
(b) Hinge-moment coefKcienL

Figure 8.- Continued.
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F@ure 10.- Variationoflateralcontrolcharacteristicswithailerondeflection.
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Figure 11.- Variationoflateralcontrolcharacteristicswithailerondeflectio~
Aileronsealed;ba = 0.58&1; @ = 60.
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